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METHOD AND DEVICE FOR ALTERNATELY CONTACTING TWO 

WAFERS 

The present invention relates to a method for alternately contacting two 
5 wafer-like component composite arrangements consisting of a plurality 
of cohesively designed similar components that are referred to below 
simply as wafers, in particular a semiconductor wafer having a function 
component wafer for production of electronic modules on a wafer level 
as well as a device for performing said method. In addition, the 
10 invention also relates to a component composite consisting of two wafer- 
like component composite arrangements alternately contacted to one 
another according to the aforementioned method. 

The method of the aforementioned type is used in general when the 
15 object is to join substrates designed cohesively in a composite with 
components also arranged in a composite without first releasing the 
respective composite. 

To manufacture electronic modules on a chip level, it is known for chips 
20 and/or chip modules, with function components such as a laser diode 

being controlled via the chips, to manufacture both the chip and the laser 
diode on a wafer level, i.e., in a cohesive wafer composite, and then to 
separate both the chip and the laser diode from the respective wafer 
composite before bringing the chip into contact with the laser diode. 
25 This results in the necessity for performing a positioning and joining 

operation, which is required for contacting the chip with the laser diode, 
and this must be done separately and repeatedly depending on the 
number of chips and/or laser diodes. 

30 Depending on the type and design of the function component provided 
for contacting with the chip, it has also proven necessary to ensure a 
contacting procedure in which the thermal load of the function 
component remains within predetermined limits and to monitor this 
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procedure accordingly. These limits are very low, in particular in the 
case of function components that are very susceptible to temperature, 
such as plastic film microlenses, so that with each individual contacting 
operation between the chip and the function component, it is important 
5 to ensure that the temperature reached in the contacting operation in the 
function component during the contacting procedure is limited, e.g., 
through appropriate cooling measures. 

The present invention is based on the object of permitting production of 
10 corresponding electronic modules on a wafer level and also ensuring that 
an admissible temperature burden is not exceeded even in the case of 
temperature-sensitive function components. 

To achieve this object, the inventive method has the features of Claim 1, 
15 the inventive device has the features of Claim 9 and the inventive 
component composite has the features of Claim 17. 

In the inventive method, the two wafers, each provided with contact 
metallizations on their opposing contact surfaces, are brought into a 

20 coverage position with their contact metallizations to form contact pairs; 
in this position, the contact metallizations to be joined together are 
pressed against one another. Contact is established between the contact 
metallizations by exposing the rear of one wafer to laser radiation, the 
wavelength of the laser radiation being selected as a function of the 

25 degree of absorption of the wafer exposed to laser radiation at the rear in 
such a way that transmission of the laser radiation through the wafer 
exposed to laser radiation at the rear is essentially suppressed. 

This ensures that heating of the second wafer, which is to be brought 
30 into contact with the first wafer, essentially takes place via the contact 
metallizations forming the contact pairs and direct exposure of the 
second wafer to the laser radiation is prevented. 
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The wafer composite created by bringing the two wafers into contact 
may subsequently be separated by single feed into separate electronic 
modules, each consisting of a chip and a function component contacted 
5 thereto. 

If the component composite arrangement exposed to laser radiation at the 
rear is selected so that the laser radiation is transmitted through the 
component composite arrangement exposed to laser radiation at the rear 

10 and absorption of the laser radiation takes place essentially in the 

contact metallizations of the component composite arrangement exposed 
to laser radiation at the rear, then it is possible for the heating of the 
contact metallizations that is required for contacting, which may take 
place in the method essentially by thermocompression or by curing of an 

15 adhesive or by other possible joining methods requiring heat input for 
activation, to be performed through essentially direct heating of the 
contact metallizations. Especially when the contact metallizations of the 
component composite arrangement exposed to laser radiation at the rear 
are made of a material having a higher thermal capacity in comparison 

20 with the substrate material of the component composite arrangement 
opposite it, then it may be ensured that the increase in temperature 
required for contacting essentially occurs only in the area of the contact 
metallizations. 

25 Simultaneous input of heat into the contact metallizations of the 

component composite arrangement exposed to laser radiation at the rear 
and into the contact metallizations of the component composite 
arrangement situated opposite the former may take place when the 
component composite arrangement exposed to laser radiation at the rear 

30 is selected so that there is transmission of the laser radiation through the 
component composite arrangement exposed to laser radiation at the rear 
and there is absorption of the laser radiation in the contact metallizations 
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of the component composite arrangement exposed to laser radiation at 
the rear and in the contact metallizations of the opposing component 
composite arrangement which have a larger area in comparison with the 
contact metallizations of the component composite arrangement exposed 
5 to laser radiation at the rear. 

In an especially preferred variant of this method, the laser exposure is 
accomplished by means of a composite arrangement of multiple diode 
lasers that are activated to emit laser radiation either individually or in 
10 groups, such that all the contact pairs or the contact pairs that are 
combined into groups are exposed to laser radiation for contacting. 

First, the use of laser diodes for applying laser radiation to the wafer 
permits an especially accurate adjustability of the wavelength emitted by 

15 the laser-active layer of the diode laser so that an accordingly high 

degree of absorption can be achieved in the wafer that is exposed at the 
rear. Secondly, the defined activation of selected diode lasers from a 
composite arrangement permits a laser treatment precisely to the extent 
needed for contacting. Similarly, the wafer exposed at the rear is heated 

20 only to the extent absolutely necessary for contacting. This reduces the 
possible transfer of thermal radiation from the first wafer heated by 
absorption to the opposing second wafer that is provided for contacting. 

If the diode laser composite arrangement is designed as a diode laser 
25 linear arrangement which is situated at a distance below the wafer 

treated with laser radiation at the rear, such that the diode laser linear 
arrangement is moved in at least one axis and parallel to the plane of 
extent of the wafer, then the inventive method can be implemented by 
using a relatively small number of diode lasers. 

30 

As an alternative, it is possible to design the diode laser composite 
arrangement as a diode laser matrix arrangement, in which case the diode 
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lasers are activated in their entirety or only to the extent of a partial 
matrix, depending on the size of the wafer exposed to laser radiation at 
the rear. This variant of the process permits simultaneous contacting of 
all contact pairs so that contacting can be performed on a wafer level 
5 within an extremely short period of time and with a minimal temperature 
burden for the additional wafer. 

If a reference temperature is measured in an interspace formed by the 
distance between the wafer exposed at the rear and the diode laser 

10 composite arrangement and the measurement is performed by means of a 
transmission device through which the laser radiation passes, then it is 
possible to continuously monitor the temperature in the wafer exposed at 
the rear during the laser treatment to at least briefly deactivate the diode 
laser composite arrangement on reaching a temperature threshold, for 

15 example. 

Preventing an unnecessary temperature burden on the wafer to be 
brought into contact with the wafer exposed at the rear is also supported 
by the use of a positioning device for aligning the contact metallizations 
20 in a coverage position and designing the contact pairs, said positioning 
device acting biaxially and in parallel to the plane of extent of the wafer, 
because with accurate relative positioning of the contact pairs, the 
lowest possible heat input into the opposing wafer is needed to produce 
the contact. 

25 

The inventive device is equipped with a receiving frame for holding and 
supporting a first wafer on a transparent panel situated in the receiving 
frame and a diode laser composite arrangement situated so that it is 
separated from the wafer by the transparent panel within the receiving 
30 frame. In addition, the inventive device has a holding clamp to hold a 
second wafer in such a way that the contact faces of the wafers, each 
provided with contact metallizations, are arranged opposite one another, 
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and the inventive device also has a positioning device for relative 
positioning of the wafers in such a way that contact metallizations to be 
joined together form contact pairs. In addition, the inventive device is 
equipped with a pressure device for generating a contact pressure 
5 between the contact metallizations of the contact pairs. 

In a first embodiment of the device, the diode laser composite 
arrangement is designed as a diode laser linear arrangement having a 
plurality of diode lasers arranged in a row, each arranged on a diode 
10 laser mount that is movable across the alignment of the row and parallel 
to the plane of extent of the wafer. 

In addition, it has proven advantageous if the diode lasers of the diode 
laser linear arrangement can be activated individually or in groups in 

15 such a way that only the diode lasers of the diode laser linear 

arrangement which are needed to cover the respective transverse extent 
of the wafer contact surface as a function of the distance to be traversed 
can be activated for exposure of a circular wafer contact surface to the 
diode laser linear arrangement that can be moved parallel to the plane of 

20 extent of the laser. 

In an alternative embodiment of the device, the diode laser composite 
arrangement is designed as a diode laser matrix arrangement having a 
plurality of diode lasers arranged in rows and columns. 

25 

With the inventive diode laser matrix arrangement, it has proven 
advantageous if the diode lasers can be activated individually or in 
groups such that, depending on the size of the wafer contact surface area, 
with a coaxial alignment of the midpoints of the areas of the wafer 
30 contact surface and the matrix surface, the diode lasers can be activated 
as a whole or only to the extent of a partial matrix required to cover the 
wafer contact surface area. 
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For monitoring the contacting method, it has proven advantageous if a 
transmission device that is used for measurement of a reference 
temperature is situated in an interspace formed between the transparent 
5 panel and the diode laser composite arrangement. 

In addition, to minimize the heat input required for contacting, it has 
proven advantageous if the wafer opposite the wafer that is exposed to 
the laser radiation at the rear is arranged in a positioning device that can 
10 be moved at least biaxially to align the contact metallizations in a 
coverage position to form the contact pairs. 

If the positioning device is designed with three axes such that the 
positioning device is capable of executing an adjusting movement across 
15 the plane of extent in addition to the biaxial positioning of the wafer in 
the plane of extent of the wafer, then the positioning device may also be 
used to create the contact pressure required to establish the contact. 

A composite part of two wafer-like component composite arrangements 
20 alternately brought into contact with one another, this composite being 
produced by the method described above using the device described 
above according to this invention, has a first transparent component 
composite arrangement comprising a plurality of cohesively designed 
transparent cover units and a second component composite arrangement 
25 comprising a plurality of cohesively designed sensor units, each having 
at least one sensor, contacted on one of the substrate units designed 
cohesively in the composite, these substrate units being provided with 
through-contacts for rear contact access to the sensor unit. The design of 
the component composite described above allows production of a sensor 
30 chip that is closed on the whole without any unacceptably high 

temperature burden on the sensor during the manufacturing process. 
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In a preferred embodiment of the component composite, the opposing 
contact metallizations of the cover units and sensor units that are to be 
brought into contact have a solder material. This makes it possible to 
perform the contacting in a thermocompression process. 

5 

In an alternative design of a component composite, of the group of 
contact metallizations assigned to the cover units and the group of 
contact metallizations assigned to the sensor units, at least one group is 
provided with a conducting adhesive as the contact material. In the case 
10 of this component composite, it is possible to perform the contacting by 
hardening the adhesive material through heating. 

Regardless of the choice of the contact material provided for contacting, 
it has proven advantageous if at least one group of contact metallizations 

15 has an absorption layer as the substrate for the contact material, i.e., the 
solder material or adhesive material, this absorption layer being made of 
a highly absorbent material such as chromium. In the area of the contact 
metallizations, this achieves the result that increased heating occurs in 
the area of the contact metallizations, regardless of the transmittance of 

20 the substrate materials used for the cover units and/or the sensor units. 

To improve adhesion between the absorption layer and the contact 
material applied to it, an adhesion promoting layer comprising an 
adhesive material that is tailored to the particular combination of contact 
25 material and material used for the absorption layer may be selected. 

If the absorption layer of the group of contact metallizations assigned to 
the sensor units has a surface area that is larger in comparison with the 
absorption layer of the group of contact metallizations assigned to the 
30 cover units, specific input of heat may be achieved not only into the 
contact metallizations of the cover units but also into the contact 
metallizations of the sensor units. 
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For a hermetically sealed design of the sensor chip unit created in a 
cohesive composite, it has proven advantageous if a contact 
metallization of the cover units which surrounds the sensor in a ring is 
5 brought into contact with a respective contact metallization of the 

substrate units which surrounds the sensor in a ring in order to form a 
sealing ring. 

Variants of the inventive method and alternatives for equipment used in 
10 the method are explained below on the basis of the drawing as examples. 
They show: 



15 



Fig. 1 



a device for alternately contacting two wafers, shown in 
a side view, with a diode laser composite arrangement 
situated beneath a transparent panel for supporting and 
holding the wafers; 



20 



Fig. 2 



a first embodiment of the device shown in Fig. 1 with a 
diode laser linear arrangement as seen from above and in 
an initial position of a distance to be traversed; 



Fig. 3 



the diode laser linear arrangement illustrated in Fig. 2 in 
a middle position of the distance to be traversed in 
relation to the wafer being exposed; 
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Fig. 4 



an embodiment of the diode laser composite arrangement 
as a diode laser matrix arrangement as seen from above; 



30 



Fig. 5 



an alternative variant of the method on the example of a 
structure produced by means of the process variant. 



Fig. 1 shows a wafer contacting device 10 having a receiving frame 11 
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for holding and supporting a first wafer, designed here as a 
semiconductor wafer 12, and having a holding clamp 13 with a second 
wafer held by it, designed in the present case as a function component 
wafer 14 with a plurality of plastic lens parts arranged therein in the 
5 composite. 

The receiving frame 11 consists of a frame cylinder 15, having a ring- 
shaped shoulder 16 which serves to hold a transparent panel, designed 
here as a glass plate 17 on its upper end. On its end face opposite the 

10 glass plate 17, the receiving frame 11 is provided with a diode laser 

composite arrangement 18. Above the diode laser composite arrangement 
18, there is a transmission device 19 which allows laser radiation 20 
emitted by the diode laser composite arrangement 18 to pass through 
essentially without absorption and which has at least one temperature 

15 sensor device (not shown here) for measuring a reference temperature. In 
addition, a pressure connection 21 is provided in the frame cylinder 15 
on its circumference, making it possible to apply compressed air to a 
frame interior space 40 formed between the glass plate 17 and the diode 
laser composite arrangement 18 and/or the transmission device 19. 

20 

The holding clamp 13, which also has a frame cylinder 51 in the present 
exemplary embodiment, has a pressure-resistant housing 22 which is 
provided with a vacuum connection 23 and is accommodated by the 
frame cylinder 51. A wall of the housing 22 which serves as the mating 

25 holding surface 24 is designed as a porous sheet. The function 

component wafer 14 is held against the mating holding surface 24 by 
applying a vacuum at the vacuum connection 23 in the manner illustrated 
in Fig. 1. In the present exemplary embodiment, the porous panel is 
provided with an elastic porous intermediate layer 54 to be able to 

30 equalize the contact pressure acting between the contact metallizations 
during contacting. 
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As Fig. 1 shows, a process space 25 formed between the receiving frame 
11 and the holding clamp 13 is sealed at its circumference with respect 
to the environment by an elastic seal 26. The process space 25 is 
connected to the environment via gas connections 27, 28. The gas 
5 connections 27, 28 allow a vacuum to be applied or allow a protective 
gas to be injected into the process space 25, for example. Vacuum 
degassing may prove to be advantageous when using adhesive material as 
the joining material, for example. 

10 The receiving frame 1 1 is held together with the holding clamp 13 in a 
machine frame 29 that is closed on the periphery. To generate the contact 
pressure required for contacting contact metallizations (not shown here) 
of the semiconductor wafer 12 with contact metallizations of the 
function component wafer 14, said contact pressure prevailing between 

15 the contact pairs formed by contact metallizations arranged opposite one 
another, a positioning device 31 is provided between the housing 22 and 
an upper frame beam 30 of the machine frame 29, having a housing part 
32 connected to the housing 22 and a housing part 33 connected to the 
upper frame beam 30. In addition to the biaxial relative positioning of 

20 the housing part 32 with respect to the housing part 33 about a Z-axis 
perpendicular to the planar extent of the wafers 12, 14 and an X-axis 35 
parallel to the planar extent of the wafers 12, 14, the positioning device 
31 permits a relative movement of the housing part 32 in relation to the 
housing part 33 in the direction of the Z-axis and thus an adjusting 

25 movement of the function component wafer 14 in the direction of the 
semiconductor wafer 12 to produce the contact pressure or surface 
pressure required for contacting. 

To control the height of the contact pressure, force measurement cells 37 
30 are arranged over the end face circumference of the receiving frame 11, 
distributed between the receiving frame 11 and a lower frame beam 36 of 
the machine frame 29. 
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To establish the contact between the wafers 12 and 14, the 
semiconductor wafer 12 is applied to the glass plate 17 of the receiving 
frame 11. The contact of the function component wafer 14 with the 
5 mating holding surface 24 of the housing 22 by the holding clamp 13 is 
accomplished by applying a vacuum to the interior of the housing and 
the associated suction of the function component wafer 14 against the 
mating holding surface 24 designed as a porous sheet. Accurate relative 
positioning of the contact metallizations on a contact surface 38 of the 

10 function component wafer 14 in relation to contact metallizations on a 
contact surface 39 of the semiconductor wafer 12 is then accomplished 
by designing contact pairs of the respectively paired contact 
metallizations. The alignment required for this is accomplished by means 
of the positioning device 31 and corresponding activation of axial 

15 controls about the Z-axis and in the direction of the X-axis. 

The positioning operation can be monitored, for example, by means of an 
optical monitoring system (not shown here) capable of detecting a 
coverage of at least two contact pairs at a distance from one another 
20 between contact metallizations of the semiconductor wafer 12 and 
contact metallizations of the function component wafer 14. 

After adjusting the exact relative position, the holding clamp 13 is 
adjusted in the direction of the receiving frame 11 by means of an axial 

25 control of the positioning device 31 in the direction of the Z-axis until 
the force measurement cells 37 can detect that the threshold for the 
correct contact pressure has been reached and the corresponding axial 
drive is deactivated. To equalize any sagging of the glass plate 17 due to 
the contact pressure, the interior space 40 of the receiving frame 11 can 

30 be put under a fluid pressure, i.e., a gas pressure or a liquid pressure, 
through the pressure connection 41. Thus, when it is certain that all 
contact pairs are in opposition to one another with the contact pressure 
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required for contacting, then the diode laser composite arrangement 18 is 
activated; this may take place in various ways, depending on the design 
of the diode laser composite arrangement 18. 

5 Figs. 2 and 3 show top views of the receiving frame 11 according to the 
sectional line II- II in Fig. 1. This shows the semiconductor wafer 12 
(only in its outline contours) which is arranged on the glass plate 17 of 
the receiving frame 11 and is exposed at the rear to the laser radiation 20 
by means of a diode laser linear arrangement 42. In the present case, the 

10 diode laser linear arrangement 42 includes seven laser diodes 43 
arranged on a diode laser mount 52, each emitting a beam path 44 
according to their typical stratified design with one laser-active layer, 
said beam path having an approximately rectangular cross section and 
becoming wider, up to a beam cross-sectional area 45 which is usually 

15 several square centimeters in size, so that the beam strikes the rear of the 
semiconductor wafer 12 and a large number of terminal faces are 
exposed to laser radiation at the same time, depending on the terminal 
surface density of the semiconductor wafer 12. 

20 The diode laser linear arrangement 42 is equipped with control means, 
which is not explained further here but which makes it possible to 
activate the diode lasers 43 of the diode laser linear arrangement 42 
either individually or in groups. To expose the entire rear contact surface 
of the semiconductor wafer 12 to laser radiation, the diode laser linear 

25 arrangement 42 is moved from the initial position shown in Fig. 2 over 
the entire diameter of the semiconductor wafer 12. In this process, only 
those diode lasers 43 are activated as a function of the distance 46 to be 
traversed, and in such a number as to be able to cover the respective 
diameter of the semiconductor wafer 12 across the distance 46 to be 

30 traversed. Thus, in the exemplary embodiment illustrated here, Fig. 2 

shows the diode laser linear arrangement 42 in the starting position with 
only three activated diode lasers 43, and Fig. 3, which illustrates a 
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middle position of the diode laser linear arrangement 42 along the 
distance 46 to be traversed, shows activation of all diode lasers 43 of the 
diode laser linear arrangement 42. 

5 Fig. 4 shows a diode laser matrix arrangement 47 having ten diode laser 
columns 48 and seven diode laser rows 49. The matrix of the diode laser 
matrix arrangement 47 is designed to be irregular to adjust to the 
fundamentally circular design of the semiconductor wafer 12 and because 
of the rectangular design of the beam cross section 45, so that the entire 
10 contact surface 39 of the semiconductor wafer 12 can be exposed to the 
laser radiation. 

As illustrated by the cross-hatched diagram in Fig. 4, showing part of the 
beam cross-sectional areas 45 of the diode lasers 43, for laser treatment 
15 of a semiconductor wafer 40 having a reduced diameter in comparison 
with the semiconductor wafer 12, only a part of the diode laser 43 
according to a partial matrix 53 needs be activated. 

Fig. 5 shows in a detail the area of a sensor chip unit 57 of a sensor chip 
20 component composite arrangement 58, the sensor chip unit 57 being 
manufactured in a composite consisting of a cover unit composite 
arrangement 55 and a sensor unit composite arrangement 56. 

The sensor chip component composite arrangement 58 can be 
25 manufactured by means of wafer contacting device 10 illustrated in Fig. 
1. 

For production, cover units 59, which are designed cohesively in the 
wafer-type cover unit composite arrangement 55, are exposed to laser 
30 radiation at the rear. In the present case, the cover units 59 have a 
transparent substrate material such as glass frit, which is optically 
transparent, and on their contact surface 60 they have contact 
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metallizations 61 which, in the present case, are provided with a solder 
material as the contact material 62, e.g., a gold-tin alloy. To increase the 
heat absorption by the contact metallizations 61, the contact 
metallizations 61 have an absorption layer 63, which is designed as a 
5 substrate and faces the laser radiation 20 and may contain essentially 
chromium, for example. 

The sensor unit composite arrangement 56 is composed of a plurality of 
sensor units 64, each being assigned to a cover unit 59 and formed in the 

10 cohesive composite. In the present case, the sensor units 64 have a 
silicon substrate 65 equipped with contact metallizations 67 on its 
internal contact surface 65 facing the cover unit 59. In the present case, 
the contact metallizations 67 along with the respective contact 
metallizations 61 of the cover unit 59 are all equipped with a solder 

15 material as the contact material 68. In addition, the contact 

metallizations 67 in the present case have absorption layers 69 which are 
arranged as a substrate to the contact material 68 and protrude 
peripherally beyond the contact material 68 in such a way that a portion 
of the laser radiation 20 passing through the optically transparent 

20 substrate material of the cover unit 59 is absorbed in a peripheral 

projecting part 70 of the absorption layers 69. Thus, simultaneous heat 
input through absorption into the contact metallizations 61 of the cover 
layer 59 and also into the contact metallizations 67 of the sensor units 64 
is made possible due to the arrangement and embodiment of the 

25 absorption layers 63 and 69 as described above. 

As can also be seen in Fig. 5, the internal contact metallizations 67 
arranged adjacent to a sensor 71 of the sensor unit 64 are provided with 
through-contacts 72 through the substrate 65, permitting outside 
30 contacting via external contact metallizations 73 on an external contact 
surface 74 of the sensor units 64. The contact metallizations 67 adjacent 
to the sensor 71 are brought into electrical contact with the sensor 71 in 
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a manner not shown here so that an outside direct contacting of the 
sensor 71 is made possible via the outer contact metallizations 73 by 
means of the through-contacts 72. 

5 The contact metallizations 61 and 67 on the outside in Fig. 5 are each 
designed in the form of a ring, forming, after contacting, a closed sensor 
receptacle space 75 in which internal contact metallization pairs 76 are 
arranged so they are hermetically sealed for electric contacting of the 
sensor 71 and the sensor 71 is hermetically sealed. 

0 

In contrast with the exemplary embodiment described above, the 
substrate material of the cover units 59 may also be designed to be 
absorbent, since the temperature-sensitive sensor 71 is arranged on the 
sensor units 64 that are not directly exposed to the laser radiation 20. 



